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(54) Liquid crystal projector 

(57) A liquid crystal projector having a high contrast 
ratio is disclosed. The projector comprises an optical 
system including a liquid crystal display device (25-27), 
a drive device for driving the liquid crystal display device 
and a polarization means (21-23), and a light source. 
The liquid crystal display devices (25,26,27) have active 
devices (48) connected to reflective electrodes. Driving 
voltages applied to pixels have different polarities every 
row. The liquid crystal (53) layer is aligned at an angle 
from 75° to 105° to the direction of an electric field 
between electrodes (51). Optical rotators (31 ,32,33) are 
provided between the liquid crystal display devices and 
the polarization means (21,22,23), respectively. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] A liquid crystal projector (EGB (Electrically 
Controlled Birefringence) projector) for performing dis- 
play by using electrically controlled birefringence effect 
can perform active matrix addressing with a low driving 
voltage and, therefore, has a characteristic such that the 
number of pixels can be easily increased and the size of 
a substrate can be easily reduced. 
[0002] A liquid crystal display device, a polarization 
beam splitter, and a dichromic prism constructing the 
ECB liquid crystal projector are arranged so that four 
sides of the components are in parallel in order to 
reduce the size and weight of the liquid crystal projector. 
[0003] In the ECB liquid crystal projector, light is polar- 
ized and passes through the liquid crystal display 
device and an optical system. The polarization beam 
splitter transmits one of two linearly polarized light 
beams whose electric vector is parallel to the four sides 
and reflects the other light. If the alignment direction of 
the liquid crystal is set at 45° from the four sides in the 
polarization beam splitter, the light entering the polari- 
zation beam splitter can be modulated between the two 
linearly polarized light beams, so that a high contrast 
ratio can be obtained. In this case, the alignment direc- 
tion of the liquid crystal is inclined at 45° from the align- 
ment direction of pixels of the liquid crystal display 
device. 

[0004] Since the size of the liquid crystal display 
device used for the ECB liquid crystal projector is as 
small as about (1.4 x 1.4) inches, the interval between 
electrodes is as extremely narrow as 2 or narrower. 
Consequently, in case of performing the scanning line 
rate polarity inversion drive for applying driving pulses of 
different polarities every pixel row, a strong electric field 
is generated between electrodes. 
[0005] A liquid crystal molecule receives a torque by 
the electric field so that the axis of the molecule is 
pointed toward the interelectrode electric field and a 
part (interelectrode domain) in which the liquid crystal 
alignment is disturbed occurs between and around the 
electrodes. 

[0006] Light is leaked from the interelectrode domain 
and the brightness in dark representation increases, so 
that the contrast ratio decreases. 
[0007] In Japanese Patent Application Laid-open No. 
8-334770, pixels are inclined at 45° from the four sides 
of a liquid crystal display device. However, in this case 
as well, the interelectrode domain is not completely 
eliminated and an interelectrode domain occurs in one 
side of each pixel. 

SUMMARY OF THE INVENTION 

[0008] The number of pixels of the ECB liquid crystal 
projector is increasing and the size of the substrate is 



reducing. Accordingly, the interval between electrodes 
is being narrowed and the electric field between the 
electrodes is increasing. It is considered that the deteri- 
oration in contrast ratio due to the interelectrode domain 

5 would become more serious. 

[0009] In order to reduce the interelectrode domain 
without changing the pixel construction of the liquid 
crystal display device, the alignment direction of the liq- 
uid crystal has to be in parallel to one pair of sides or to 

10 four sides of the liquid crystal display device. In order to 
satisfy the condition for a high contrast ratio (the angle 
between the alignment direction of the liquid crystal and 
the four sides of the polarization beam splitter is 45°), it 
is necessary to incline the polarization beam splitter at 

15 45° to the liquid crystal display device. 

[0010] In order to make light enter the whole liquid 
crystal display device in a state where the polarization 
beam splitter is inclined at 45°, the polarization beam 
splitter has to be enlarged by a corresponding amount. 

20 Since a light path is inclined at 45°, the size of the whole 
ECB liquid crystal projector is also increased. 
[001 1 ] It is therefore an object of the invention to pro- 
vide an ECB liquid crystal projector in which deteriora- 
tion in the contrast ratio due to a light leakage from an 

25 interelectrode domain is prevented while keeping the 
small size and the light weight. 

[001 2] The gist of the invention achieving the object is 
as follows. 

30 [1] A liquid crystal projector comprising an optical 
system having a liquid crystal display device, a driv- 
ing mean for driving the liquid crystal display, and a 
polarization mean, and a light source, 

wherein the liquid crystal display device has 

35 an- active device connected to a reflective electrode, 
driving voltages applied to pixels have different 
polarities every row of pixels, a liquid crystal layer is 
aligned at an angle from 75° to 105° to the direction 
of an electric field between electrodes, and an opti- 

40 cal rotator is provided between the liquid crystal dis- 
play device and the polarization mean. 

[2] The above-mentioned projector, wherein a pair 
of sides or four sides of the liquid crystal display 

45 device are parallel to the electric vector of linearly 
polarized light made by the polarization mean and 
the optical rotator changes the linearly polarized 
light made by the polarization mean by 45° to the 
alignment direction of the liquid crystal display 

so devices. 

[3] The foregoing projector, wherein the liquid crys- 
tal layer is processed so that its alignment direction 
is inclined at 90° to the direction of the electric f ield 
55 between electrodes and the optical rotator rotates 
the electric vector of the linearly polarized light 
which is reflected by the reflective electrode of the 
liquid crystal display device and enters the polariza- 
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tion mean by 45°. 

[4] The foregoing projector, wherein the optical rota- 
tor is a birefringent medium having a twist structure, 
the twist angle of the twist structure is 45° , and an 
optical major axis on an adjacent face of the polari- 
zation mean is parallel to or perpendicularly 
crosses the electric vector of the linearly polarized 
light made by the polarization mean. 

[5] The foregoing projector, wherein one or more 
birefringent films are provided between the liquid 
crystal display device and the optical rotator, the 
slow axis of the birefringent film is parallel to or per- 
pendicularly crosses the alignment direction of the 
liquid crystal layer, and synthesized retardations of 
the birefringent film and the liquid crystal layer coin- 
cide with each other within 10 nm at 0.5 nX of a 
main wavelength region of incident light when (n) is 
set to an integer, X is set to the wavelength of light, 
and an arbitrary voltage V B is applied to the liquid 
crystal layer. 

[6] The foregoing projector, wherein the birefrin- 
gence An of the thickness (d) of the optical rotator 
and the waveleno^h X is set so as to satisfy 
4d • An/X = V(4m - 1) where m is an integer at a 
main wavelength X of incident light. 

[0013] According to the invention, disturbance in the 
liquid crystal alignment due to an interelectrode electric 
field is extremely reduced by the following reasons. 
[0014] Fig. 11 is a schematic cross section including 
two reflective electrodes 46 to which driving voltages of 
different polarities are applied in a conventional liquid 
crystal projector. The diagram shows a state where an 
interelectrode domain occurs. 

[0015] A liquid crystal alignment direction 77 is paral- 
lel to the direction of an interelectrode electric field 51. 
In a normal part apart from the end, an electric field 52 
perpendicularly to a substrate plane is produced and 
the alignment of liquid crystal molecules 55 in the center 
of the electrode is changed so that the molecule axis is 
inclined from the substrate plane. 

[0016] On the contrary, the alignment of liquid crystal 
molecules 53 between electrodes become parallel to 
the substrate plane by the interelectrode electric field 51 
parallel to the substrate plane. The alignment of liquid 
crystal molecules 54 near the end of the electrode is 
influenced by the liquid crystal molecules 53 between 
the electrodes and the liquid crystal molecules 55 in the 
center of the electrode. Deformation between the liquid 
crystal molecules 53 between the electrodes and the 
liquid crystal molecules 55 in the center of the electrode 
is that of the bend spray type. 

[0017] Fig. 10 is a plan view of a conventional liquid 
crystal display device and shows a case where the 
alignment direction 77 of the liquid crystal layer is 



inclined at 45° to the interelectrode electric field 51. 
— [0018] When attention is paid to the alignment state of 
the liquid crystal molecule 53 between two electrodes 
and the liquid crystal molecule 55 in the center of the 
5 electrode, the deformation between them is that of the 
bend splay type in a manner similar to the case of Fig. 
11. 

[0019] Fig. 12 is a diagram showing the occurrence of 
a domain in the liquid crystal projector of the invention 
10 and illustrates a case where the alignment direction 77 
(perpendicular to the paper face) of the liquid crystal 
layer is inclined at 90° to the direction of the interelec- 
trode electric field 51 . 

[0020] In a manner similar to Figs. 1 0 and 1 1 , when 
is attention is paid to the alignment state of the liquid crys- 
tal molecules 53 between electrodes and the liquid 
crystal molecules 55 in the center of the electrode, 
deformation between them in the invention is different 
from that of Figs. 1 0 and 1 1 . It is deformation of a twist 
20 type. 

[0021] By setting the alignment direction of the liquid 
crystal layer to be inclined at 90° to the direction of the 
interelectrode electric field as mentioned above, distur- 
bance of alignment of the liquid crystal layer caused by 

25 the electric field between pixel lines and change in 
alignment of the liquid crystal of the normal part 
become different. That is, the change in optical charac- 
teristics of the deformation of the twist type is smaller 
than that of the deformation of the bend splay type. As a 

30 result, the distribution range of interelectrode domains 
can be reduced. 

[0022] When the alignment direction of the liquid crys- 
tal layer is set as mentioned above, the alignment direc- 
tion of the liquid crystal is turned at 45° from the 
35 conventional alignment direction. The azimuth of the 
polarized light entering the polarization beam splitter is 
accordiryiv turned at 45°. 

[0023] As described above, in order to obtain a high 
contrast, the electric vector of the linearly polarized light 

40 entering the liquid crystal display device has to be set at 
45° to the alignment direction of the liquid crystal layer. 
While keeping the arrangement of the optical system in 
the conventional manner, an optical rotator is arranged 
between the polarization beam splitter and the liquid 

45 crystal display device in order to compensate the 45° 
turn of the azimuth of the polarized light. The angle of 
the optical rotator is set to 45°. 

[0024] As optical rotators, there are an optical rotator 
whose principle is optical activity and an optical rotator 

so whose principle is a twist-structured wave guide. 

[0025] According to the former rotator, the rotation 
direction of the polarization azimuth is constant irre-" 
spective of the incident direction of light On the con- 
trary, in the latter rotator, the rotation direction of the 

55 polarized light azimuth is inverted when the incident 
direction of light is inverted. That is, in the latter, the 
polarized light azimuth rotates so as to be along the 
twist structure. In either case, when the liquid crystal 
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display device is designed according to the characteris- 
tics of either optical rotator, a display with a high con- 
trast ratio can be obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] These and other objects, features and advan- 
tages of the present invention will be understood more 
clearly from the following detailed description with refer- 
ence to the accompanying drawings, wherein 

Fig. 1 is a diagram showing the construction of a liq- 
uid crystal projector of the invention; 

Fig. 2 is a diagram showing the construction of a liq- 
uid crystal display device of the invention; 

Fig. 3 is a diagram showing the action of an optical 
rotator of a liquid crystal display device of the inven- 
tion; 

Fig. 4 is a diagram showing the action of the optical 
rotator of the liquid crystal display device of the 
invention; 

Fig. 5 is a diagram showing the action of the optical 
rotator of the liquid crystal display device of the 
invention; 

Fig. 6 is a diagram showing change in polarization 
state of light of the liquid crystal display device of 
the invention and indicating a process until light 
emitted from a light source enters a birefringent 
film; 

Fig. 7 is a diagram showing change in polarization 

cio+o rvf linht r\i tho ltm lirl r;r\/c+al Hicolaw Hfi*/»Cfi Of 

the invention and indicating a process until light 
which came out from the birefringent film passes 
through a polarization beam splitter at the time of 
bright representation; 

Fig. 8 is a diagram showing change in polarization 
state of light of the liquid crystal display device of 
the invention and indicating a process until light 
came out from the birefringent film passes through 
the polarization beam splitter at the time of dark 
representation; 

Fig. 9 is a diagram showing the construction of a liq- 
uid crystal display device of a liquid crystai projector 
of the invention; 

Fig. 10 is a diagram showing the occurrence of a 
domain in a conventional liquid crystal projector; 

Fig. 1 1 is a diagram showing the occurrence of a 
domain in a conventional liquid crystal projector; 



Fig. 12 is a diagram showing the occurrence of a 
domain in a liquid crystal projector of the invention; 

Fig. 13 is a diagram showing the relation between 
5 an angle formed by an interelectrode electric field 

direction and an alignment direction and a contrast 
ratio; 

Fig. 14 is a graph showing the relation between a 
10 deviation in synthesized retardation and a contrast 
ratio; 

Fig. 15 is a diagram showing the structure of an 
optical rotator used for a liquid crystal projector of 
15 the invention; and 

Fig. 16 is a diagram showing the structure of an 
optical rotator used for a liquid crystal projector of 
the invention. 

20 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0027] The invention will be specifically described on 
25 the basis of embodiments. 

[Embodiment 1] 

[0028] Fig. 1 shows the construction of a liquid crystal 
30 projector of the invention. Natural light emitted from a 
light source 10 is dispersed by a dichroic mirror R-j 15 
and a dichroic mirror B-, 1 6 into light beams of wave- 
length regions corresponding to three colors of R, B, 
and G. The dispersed light beams are led to respective 
35 light paths: The light beam of each wavelength is sepa- 
rated into two linearly polarized light by a polarization 
beam splitter R 21, B 22, or G 23 and one of the two 
light beams is led to a liquid crystal display device R 25, 
B 26, or G 27. 

40 [0029] Optical rotators R 31, B 32, and G 33 and bire- 
fringent films R 35, B 36, and G 37 are arranged 
between the liquid crystal display devices R, B, and G 
and the polarization beam splitters R, B, and G from the 
side of the polarization beam splitters R, B, and G, 

45 respectively. 

[0030] In order to reduce the influence of an interface 
reflection, the optical rotators R, B, and G and the bire- 
fringent films R, B, and G are arranged so that the plane 
normal line direction is inclined from the light incident 

so direction by using wedge glasses 20. The light reflected 
by the liquid crystal display devices R, B, and G enters 
again the polarization beam splitters R, B, and G and is 
dispersed into two linearly polarized light beams. One of 
them is led to a dichroic mirror R 2 18 or B 2 17 and the 

55 light paths of the light beams at the respective wave- 
lengths are integrated. After that, the light is projected 
onto a screen 14 via a projection lens 13. 
[0031] Fig. 2 shows a schematic cross section of the 
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liquid crystal display device of the invention. An MOS 
^^^^■r^^ V r-.-^Metal^xide^emiconductor) device- 48 -is -formed- on 
the surface which is close to a liquid crystal layer 44 of 
a silicon substrate 49. Respective MOS devices are 
connected to the reflective electrode 46. 
[0032] An upper transparent substrate 41 is made of 
low thermal expansive borosilicate glass and has a 
common electrode 42 made of ITO (indium tin oxide) on 
the face close to the liquid crystal layer 44. The liquid 
crystal layer 44 is homogeneously aligned. The thick- 
ness of the liquid crystal layer 44 is 3.5 jim and the 
retardation (An • d) of the liquid crystal layer 44 when no 
voltage is applied is 290 nm at the wavelength of 550 
nm. 

[0033] The alignment direction of the liquid crystal 
layer 44 is parallel to the electrode line direction 80 
shown in Fig. 9. The alignment direction is perpendicu- 
lar with respect to the direction of the interelectrode 
electric field. 

[0034] The structure and action of the optical rotators 
are shown in Figs. 3 to 5. The optical rotator is a TN 
(Twisted Nematic) liquid crystal display device and is 
constructed by two transparent substrates 71 and 75 
and a liquid crystal layer (liquid crystal rotator 73) held 
by the substrates 71 and 75. The twist angle is 45°. The 
alignment direction 72 on the transparent substrate 71 
side of the liquid crystal rotator 73 is parallel to a pair of 
sides or to the four sides of a dichroic prism on the side 
adjacent to the dichroic prism. The alignment direction 
74 on the transparent substrate 75 side of the liquid 
crystal rotator 73 is inclined at 45° to the four sides of 
the liquid crystal display device. 
[0035] The optical rotator satisfies the wave guide 
condition in a main wavelength region of incident light. 
- ■• That is, as-shown-in Fig. -3, the major -ax-is -of -an ellipse 
is turned by 45° in the twist direction while keeping the 
eliipticity of incident polarized light (generally, elliptic-ally 
polarized light). 

[0036] When linearly polarized light whose electric 
vector is parallel to the alignment direction enters, as 
shown in Fig. 4, the light is transformed to linear polar- 
ized light whose electric vector is parallel to the align- 
ment direction 74 on the outgoing side. When linearly 
polarized light whose electric vector is perpendicular to 
the alignment direction enters, as shown in Fig. 5, the 
light is transformed to linearly polarized light whose 
electric vector is perpendicular to the alignment direc- 
tion 72 on the outgoing side. 

[0037] The wave guide condition is described, for 
example, in the paper by C. H. Gooch, H. A. Tarry, et al., 
J. Phys. D: Appl. Phys. Vol. 8, 1975, pp. 1575 to 1584. 
In order to rotate light of the wavelength X only by 45° by 
the wave guide, it is sufficient to set the thickness (d) of 
the liquid crystal rotator 73 and the birefringence An at 
the wavelength X so as to satisfy the equation [1]. . 

4d • AnA. = V(4m 2 - 1) [1] 



where, m is an arbitrary integer. 
- - - [0038]- (d) and An of each of the-optical rotators R, B, 
and G are set so as to satisfy the equation [1 ] at the cen- 
tral wavelength of the wavelength region of light enter- 
s ing the optical rotator. Alternatively, they are set so as to 
satisfy the equation [1] at a wavelength where the inten- 
sity of incident light is maximum In the wavelength 
region. 

[0039] The former method is employed here, and (d) 

w and An are set so as to satisfy the equation [1] at 650 
nm, 550 nm, and 450 nm as central wavelengths of light, 
in the wavelength regions corresponding to Ft, G, and B, 
respectively. That is, (m) was set to 4 and An *d of the 
optical rotators R, G, and B was set to 903 nm, 765 nm, 

is and 626 nm at the respective wavelengths. 

[0040] The display principle of the liquid crystal pro- 
jector of the invention will be described hereinbelow by 
taking light pass entering the liquid crystal display 
device R as an example. 

20 [0041] As shown in Fig. 6, natural white light 61 emit- 
ted from a light source is dispersed by the dichroic mir- 
ror R 1 15 and red light 62 as light in the wavelength 
region of R travels toward the polarization beam splitter 
R 21 and is split into P polarized light 63 and S polarized 

25 light 64. 

[0042] The polarization beam splitter R 21 changes 
the course of the P polarized light by 90° but does not 
change the course of the S polarized light. Conse- 
quently, only the S polarized light travels toward theopti- 

30 cal rotator R 31. The electric vector of the S polarized 
light 64 is parallel to the alignment direction 72 of the liq- 
uid crystal rotator on the polarization beam splitter R 21 
side. The electric vector of polarized light 65 which 
passed through the optical rotator R 31 is rotated by 45° 

35 in the direction of the twist of the optical rotator R 31. 
The angle formed by the electric vector of the polarized 
light 65 entering the birefringent film R 35 and the slow 
axis 76 of the birefringent film R 35 is 45°. 
[0043] The light from the birefringent film R 35 enters 

40 the liquid crystal display device R 25, reflected by a 
reflective electrode, and again passes through the bire- 
fringent film R 35. At the time of bright representation, 
the phase difference corresponding to a 1/2 wavelength 
is given to the light in this process and the electric vector 

45 is rotated by 90°. At the time of dark representation, the 
phase difference is not substantially applied to the light, 
so that the electric vector is maintained. 
[0044] Fig. 7 shows the change in the polarization 
state of the light from the birefringent film R 35 at the 

so time of bright representation. The electric vector of the 
outgoing light (linearly polarized light) from the birefrin- 
gent film R 35 perpendicularly crosses the alignment 
direction 74 of the liquid crystal rotator on the birefrin- 
gent film R 35 side at the time of bright representation. 

55 The electric vector is rotated by 45° in the direction of 
the twist of the optical rotator when the polarized light 
transmits and the light becomes the P polarized light 63 
which travels toward the polarization beam splitter R 21 . 
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[0045] The polarization beam splitter R 21 changes 
the course of the P polarized tight 63 by 90° and leads- - 
the light to the dichroic mirror R 2 18 and further to a pro- 
jection lens, so that the bright representation is 
obtained. 

[0046] Fig. 8 shows the change in the polarization 
state of the outgoing light from the liquid crystal display 
device R at the time of dark representation. The electric 
vector of the light (linearly polarized light) from the bire- 
f ringent film R 35 is parallel to the alignment direction 72 
of the liquid crystal rotator on the birefringent film R 35 
side at the time of dark representation. The electric vec- 
tor is rotated by 45° in the direction of the twist of the 
optical rotator R 31 when the polarized light transmits. 
The light becomes S polarized light and travels toward 
the polarization beam splitter R 21 . 
[0047] The polarization beam splitter R 21 does not 
change the course of the S polarized light 69 so that the 
S polarized light 69 travels to the dichroic mirror R-, 15 
and the dark representation is obtained (since the light 
does not travel toward the dichroic mirror R 2 18). 
[0048] In order to reduce the brightness at the time of 
dark representation and to obtain a high contrast ratio 
while keeping the electric vector of the outgoing light 
(linearly polarized light) from the birefringent film at the 
time of dark representation, the synthesized retardation 
of the birefringent film and the liquid crystal layer is set 
to 0 nrn at the time of dark representation. The retarda- 
tion of the birefringent film is set to be equal to the retar- 
dation of the liquid crystal layer at the time of dark 
representation and the slow axis of the birefringent film 
and the alignment direction of the liquid crystal layer are 
arranged so as to perpendicularly cross each other. 
This operation will be explained more specifically. 
[0049] An application voltage for performing the dark 
representation is set to 1.3V. The retardation of the liq- 
, ,|h crystal layer of each of the liquid crystal display 
devices R, G, and B is 0.78 time of the case when no 
voltage is applied, that is, 226 nm at the wavelength 550 
nm. 

[0050] The birefringent film made of polycarbonate in 
which the wavelength dependency of the retardation is 
similar to that of the liquid crystal layer is used. When it 
is assumed that the retardation at the wavelength 550 
nm is 1, the retardation at the wavelength 450 nm is 
1.053 in the liquid crystal layer and is 1.071 in the bire- 
fringent film made of polycarbonate. The retardation at 
the wavelength 650 nm is 0.968 in the liquid crystal 
layer and is 0.960 in the birefringent film made of poly- 
carbonate. 

[0051] Since the central wavelength of light in the 
wavelength region corresponding to R is 650 nm, the 
retardation of the birefringent film R is set so as to be 
equal to that of the liquid crystal layer of the liquid crys- 
tal display device R at 650 nm. Similarly, the central 
wavelengths of light in the wavelength regions corre- 
sponding to G and B are 550 m and 450 nm, respec- 
tively, the retardations of the birefringent f Dms G and B 



are set so as to be equal to those of the liquid crystal 
— layers of the liquid crystal display devices G and B at 
550 nm and 450 nm, respectively. 
[0052] The retardations at the wavelength 550 nm of 
5 the birefringent films R, G, and B were set to 228 nm, 
226 nm, and 222 nm, respectively, as mentioned above. 
[0053] The liquid crystal projector produced as men- 
tioned above was driven by the scanning line rate polar- 
ity inversion drive. When the performances were 
w measured on a screen, the contrast ratio was 100:1 or 
higher and the surface brightness of the bright repre- 
sentation part was 180 cd/m 2 . 

[0054] By setting the alignment direction of the liquid 
crystal layer so as to be perpendicular to the direction of 

is the interelectrode electric field, arranging the pixel line 
and a pair of sides or the four sides of the polarization 
beam splitter so as to be in parallel, and rotating the 
electric vector of the linearly polarized light emitted from 
the polarization beam splitter by 45° by using the optical 

20 rotator so that the electric vector is inclined at 45° from 
the alignment direction of the liquid crystal layer as 
mentioned above, the occurrence of a domain can be 
suppressed even when the scanning line rate polarity 
inversion drive is used and the contrast ratio of 100:1 or 

25 higher can be obtained. 

[0055] Although the liquid crystal layer has the homo- 
geneous alignment in the foregoing embodiment, the 
invention is not limited to the structure. Even if a layer 
structure having a twist is used, by determining the slow 

30 axis of the birefringent film and the transmission axis of 
a polarizing plate by using the alignment direction of the 
liquid crystal layer close to the polarizing plate as a ref- 
erence, similar effects can be obtained. 

35 [Embodiment 2] T " 

mn^Ai in tho nm nH /~rye+oi or elector of the first embod- 
iment, each of the optical rotators R, G, and B is 
replaced by a stack of plastic f ilms having a twist struc- 

40 ture. The stack of plastic films is a stack of four birefrin- 
gent films each made of polycarbonate. An * d of each 
film at the wavelength of 550 nm is 275 nm. 
[0057] The slow axes of the four birefringent films lie 
between the two alignment directions (72 and 74) of the 

45 liquid crystal rotators of the first embodiment. One of the 
four birefringent films which is closest to the liquid crys- 
tal display device is arranged so that its slow axis is 
inclined at 5.6° from the alignment direction of the liquid 
crystal display device. 

so [0058] Similarly, the second, third, and fourth birefrin- 
gent films from the above liquid crystal display device 
are arranged so that their slow axes are inclined at 
16.9°, 28.1°, and 39.4° from the alignment direction of 
the liquid crystal display device, respectively. 

55 [0059] When this liquid crystal projector was driven by 
the scanning line rate polarity inversion drive and the 
performances were measured on the screen, the con- 
trast ratio of 100:1 or higher was obtained. 
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[Embodiment 3] 

[0060] A few kinds of liquid crystal projectors were 
produced by changing the alignment direction of the liq- 
uid crystal layer in the liquid crystal projector of the first s 
embodiment and their performances were measured. 
As well as the alignment direction of the liquid crystal 
layer, the twist angle of the optical rotator was changed. 
[0061] In the first embodiment, since the angle 
between the linearly polarized light from the polarization 10 
beam splitter and the alignment direction of the liquid 
crystal display device is 90°, the twist angle of the opti- 
cal rotator was set to 45°. 

[0062] In the third embodiment, when it is assumed 
that the angle between the linearly polarized light from is 
the polarization beam splitter and the alignment direc- 
tion of the liquid crystal display device is ct°, the twist 
angle of the optical rotator is set to (a - 45)°. That is, the 
linearly polarized light made by the polarization beam 
splitter is set so that the electric vector of the linearly 20 
polarized light is always rotated at 45° from the align- 
ment direction when the light enters the liquid crystal 
display device. 

[0063] Fig. 13 shows the contrast ratios in the align- 
ment directions. The horizontal axis indicates the angle 25 
between the inter electrode electric field direction and 
the alignment direction. Although the contrast ratio of 
100:1 or higher is necessary so that most of the users 
recognize that various actual images displayed have a 
sufficient picture quality, if the angle between the intere- 30 
lectrode electric field direction and the alignment direc- 
tion ranges from 75° to 105°, the influence by the 
domain between electrodes is extremely small and the 
contrast ratio of 100:1 or higher can be obtained. 

• .-,-._-...„.:. ^ .... ... 35 

[Embodiment 4] 

[0064] In the liquid crystal projector of the first embod- 
iment, a few kinds of liquid crystal projectors were pro- 
duced by changing the retardations of the birefringent 40 
films R, G, and B, and the display characteristics of the 
liquid crystal projectors were measured. That is, the 
synthesized retardations of the liquid crystal layer and 
the birefringent film when a voltage for dark representa- 
tion is applied are changed. 45 
[0065] When (n) is an arbitrary integer and X is a 
major wavelength of light entering the birefringent film 
and the liquid crystal layer, it is ideal if the synthesized 
retardation of the birefringent film and the liquid crystal 
layer is 0.5 nX at the time of dark representation. In the so 
first embodiment, (n) was set to 0 and the retardations 
of the birefringent f ilms Ft, G, and B were deter mined. 
[0066] In the fourth embodiment, when a deviation of 
the synthesized retardation of the birefringent film R and 
the liquid crystal layer R from the ideal value (0 nm) is 55 
set to AR, that of the birefringent film G and the liquid 
crystal layer G is set to AG. and that of the birefringent 
film B and the liquid crystal layer B is set to AB, the 



retardations of the birefringent films R, G, and B were 
changed so as4osatisfy~AR-- AG = AB . 
[0067] Fig. 14 shows the result of measurement of 
changes in the contrast ratio. The horizontal axis of the 
diagram indicates a deviation of a synthesized retarda- 
tion of the birefringent film and the liquid crystal layer 
from the ideal value (0 nm). The contrast ratio of 100:1 
or higher is necessary so that most of the users recog- 
nize that various actual images displayed have a suffi- 
cient picture quality. 

[0068] It was proven from Fig. 14 that the contrast 
ratio of 100:1 or higher was obtained when the deviation 
from the ideal value (0 nm) is less than 1 0 nm. 
[0069] Although the organic polymer films were used 
for the birefringent film and the polarizing film in the 
embodiments of the invention, similar effects can be 
also obtained by using birefringent and polarizing films 
made of a non-organic material. Further, by using a 
poly-silicon TFT as an active device, similar effects can 
be also obtained. 

[Embodiment 5] 

[0070] In the liquid crystal projector of the first embod- 
iment, each of the optical rotators R, G, and B is 
replaced by a stack of plastic films having a twist struc- 
ture. The stack of plastic films is a stack of two birefrin- 
gent films made of polycarbonate. An • d of each film at 
the wavelength 550 nm is 275 nm. One of the two bire- 
fringent films which is closer to the liquid crystal display 
device is shown as a first birefringent film 81 and the 
other is shown as a second birefringent film 82. 
[0071] Both of the slow axes of the two birefringent 
films are positioned between the two alignment direc- 
tions (72 and 74) of the liquid* crystal-rotators of the first 
embodiment. The first birefringent film is arranged so 
that its slow axis is inclined at 1 1 .3° from the alignment 
direction of the liquid crystal display device. Similarly, 
the second birefringent film is arranged so that its slow 
axis is inclined at 33.8° from the alignment direction of 
the liquid crystal display device. The azimuths of the 
slow axes of the birefringent films are shown in Fig. 16. 
[0072] When the liquid crystal projector was driven by 
the scanning line rate polarity inversion drive and the 
performances were measured on a screen, the contrast 
ratio of 100:1 or higher was obtained 

[Embodiment 6] 

[0073] In the liquid crystal projector of the first embod- 
iment, each of the optical rotators R, G, and B is 
replaced by a polymer film having a twist struction. The 
polymer film is a polymer liquid crystal having a choles- 
teric phase and is formed by using a borosilicate glass 
as the substrate. In order to specify the alignment direc- 
tion of the polymer liquid crystal on the face adjacent to 
the borosilicate glass, an alignment film made of a poly- 
imide organic polymer is formed between the borosiii- 
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cate glass and the polymer liquid crystal. The alignment 

film is-processed by-a rubbing method. • — - 

[0074] Besides the above film, a transparent organic 
polymer film can be also used as the substrate. A pho- 
topolymerizable organic polymer film can be also used 
as the alignment film. 

[0075] The polymer film was formed by the following 
method. A solution was made by solving the polymer 
liquid crystal into a solvent and was formed in a film 
shape on the alignment film by a spin coat method. After 
the solvent was removed by heating, the film was further 
heated to a temperature at which the cholesteric phase 
was shown. After conf irming that the whole surface had 
an uniform cholesteric phase, the temperature was 
slowly cooled to room temperature while keeping the 
twist alignment in the cholesteric phase. 
[0076] For example, the polymer liquid crystal may be 
a polymer liquid crystal of a side chain type having a 
group of an asymmetric carbon and a mesogen group 
showing the liquid crystal lizability. 
[0077] By changing the ratio of the group having the 
asymmetric carbon and the mesogen group in the poly- 
mer liquid crystal, the birefringence and the twist pitch 
of the polymer liquid crystal were optimized. By adjust- 
ing the film thickness of the polymer liquid crystal, the 
twist angle of the polymer liquid crystal was set to 45°. 
The thickness (d) of the polymer liquid crystal and the 
birefringence An at the wavelength X were set so as to 
satisfy the equation [1]. 

[0078] When the liquid crystal projector was driven by 
the scanning line rate polarity inversion drive and the 
performances were measured on a screen, the contrast 
ratio of 100:1 or higher was obtained. 

[ErnbodimenVT}* " - 

IAIV701 In tha lirti iirl r»r\/c+ol r\rr\tcw+r\r r\f the -fire* ornHjvH- 
iwv* ■ ■ ■ ••■wj*" — r*' W J ww * w " " ,w w " • 

iment, each of the optical rotators R, G, and B was 
replaced to a twist-structured polymer film. The polymer 
film is made of a mixture of liquid crystal molecules hav- 
ing photopolymerizability. an optical rotating substance, 
and a polymerization initiator and is formed by using a 
borosilicate glass as a substrate. In order to specify the 
alignment direction of the photopolymerizable liquid 
crystal molecule in the face adjacent to the borosilicate 
glass, an alignment film made of a polyimide organic 
polymer is formed between the borosilicate glass and 
the polymer liquid crystal. The alignment film is aligned 
by a rubbing method. 

[0080] Besides the above film, a transparent organic 
polymer film can be also used as the substrate. A pho- 
topolymerizable organic polymer film can be also used 
as the alignment film. 

[0081] The polymer film was formed by the following 
method. A solution was made by solving the photopoly- 
merizable liquid crystal molecule, the optical rotating 
substance, and the polymerization initiator into a sol- 
vent and was formed in a f ilm state on the alignment film 



by a spin coat method. After the solvent was removed 
- by heating, the film was further heated to ^temperature 
at which the cholesteric phase is shown. After confirm- 
ing that the whole surface had an uniform cholesteric 
5 phase, ultraviolet rays were irradiated, and the photopo- 
lymerizable liquid crystal molecules were polymerized. 
Thus, the polymer having the twist alignment similar to 
the cholesteric phase was obtained. 
[0082] The photopolymerizable liquid crystal molecule 
w may be, for example, a liquid crystal molecule having 
the acrylic group at the end of the molecule or a liquid 
crystal molecule having the acrylic group at both ends 
of the molecule. 

[0083] By changing the mixing ratio of the photopoly- 
15 merizable liquid crystal molecule and the optical rotat- 
ing substance, the birefringence and a twist pitch of the 
polymer film were optimized. By adjusting the thickness 
of the polymer film, the twist angle of the polymer liquid 
crystal was set to 45°. The thickness (d) of the polymer 
20 liquid crystal and the birefringence An at the wavelength 
X were set so as to satisfy the equation [1]. 
[0084] When the liquid crystal projector was driven by 
the scanning line rate polarity inversion drive and the 
performances were measured on a screen, the contrast 
25 ratio of 100:1 or higher was obtained. 

[Comparison example 1] 

[0085] In the liquid crystal projector of the first embod- 
30 iment, the optical rotators R, G, and B were eliminated 
and the alignment direction of each of the liquid crystal 
layers of the liquid crystal display devices R, G, and B 
was inclined at 45° from the direction of the electrode 
line. The slow axis direction of the birefringent film was 
35 accordingly rotated only by 45° from the arrangement of 
the first embodiment so as to keep the relation that the 
slow axis direction perpendicularly crosses the align- 
ment direction of the liquid crystal layer. 
[0086] When the liquid crystal projector was driven by 
40 the scanning line rate polarity inversion drive and the 
performances were measured on a screen, the contrast 
ratio was 34:1. 

[0087] By setting the alignment direction of the liquid 
crystal layer at 45° from the line direction of the elec- 
ts trodes as mentioned above, when the scanning line rate 
polarity inversion drive was used, a domain occurred 
and the contrast ratio deteriorated. 

[Comparison example 2] 

50 

[0088] In the liquid crystal projector of the first embod- 
iment, the optical rotators R, G, and B were removed 
and the alignment direction of each of the liquid crystal 
layers of the liquid crystal display devices R, G, and B 
55 was inclined at 90° from the electrode line direction. The 
slow axis direction of the birefringent film was rotated 
only by 90° from the arrangement of the first embodi- 
ment so as to keep the relation that the slow axis direc- 
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tion perpendicularly crosses the alignment direction of 
:. v~ ^ ^^,,4ke4iquid crystal layers The alignment direction of the liq- 
uid crystal layer in this instance is parallel to the electric 
field direction between the electrode lines. 
[0089] When the projector was driven by the scanning 5 
line rate polarity inversion drive and the performances 
were measured on the screen, the contrast ratio was 
37:1.. 

[0090] By setting the alignment direction of the liquid 
crystal layer at 90° from the line direction of electrodes 10 
as mentioned above, when the scanning line rate polar- 
ity inversion drive was used, a domain was formed and 
the contrast ratio deteriorated. 

[Comparison example 3] 15 

[0091 ] In the liquid crystal display of the first embodi- 
ment, the optical rotators R, G, and B were removed 
and the liquid crystal display devices R, G, and B and 
the birefringent films R, G, and B were rotated at 45° 20 
and installed. Further, the sizes of the polarization beam 
splitters R, G, and B and the dichroic mirrors R-, , R 2 , B-,, 
and B 2 were optimized so that a whole image of the liq- 
uid crystal display devices R, G, and B in this case can 
be displayed. 25 
[0092] As a result, an image on the screen was 
rotated at 45°. The size of each of the polarization beam 
splitters R, G, and B and the dichroic mirrors R-j, R 2 , B 1f 
and B 2 was increased by 1 .5 times or larger and the 
weight was increased by three or more times. 30 
[0093] According to the invention, a reflection type liq- 
uid crystal projector with a high contrast ratio can be 
obtained. 

Claims 35 

1 . A liquid crystal projector comprising an optica! sys- 
tem having a liquid crystal display device (25-27, 
41-49), a driving means for driving the liquid crystal 
display, a polarization means (21-23), and a light 40 
source (10), 

wherein said liquid crystal display device has 
an active device (48) connected to a reflective elec- 
trode (46), driving voltages applied to pixels have 
different polarities for every row of pixels, a liquid 45 
crystal layer (44) is aligned at 75° to 105° from the 
direction of an electric field between electrodes, 
and an optical rotator (31-33) is provided between 
the liquid crystal display device and the polarization 
mean. so 

2. The projector according to claim 1, wherein four 
sides of said liquid crystal display device are paral- 
lel to the electric vector of linearly polarized light 
made by the polarization mean and said optical 55 
rotator changes the linearly polarized light made by 

the polarization mean by 45° to the alignment direc- 
tion of the liquid crystal display devices. 



3. The projector according to claim 1 , wherein said liq- 
- -v-uid crystal layer is processed so that its alignment 

direction is inclined at 90° to the direction of the 
electric field between electrodes and said optical 
rotator rotates the electric vector of the linearly 
polarized light which is reflected by the reflective 
electrode of the liquid crystal display device and 
enters the polarization mean by 45°. 

4. The projector according to claim 1, wherein said 
optical rotator is a birefringent medium having a 
twist structure, the twist angle of the twist structure 
is 45°, and an optical major axis on an adjacent 
face of the polarization mean is parallel to or per- 
pendicularly crosses the electric vector of the line- 
arly polarized light made by the polarization mean. 

5. The projector according to claim 1 , wherein one or 
more birefringent films (35-37) are provided 
between said liquid crystal display device and the 
optical rotator, the slow axis of said birefringent film 
is parallel to or perpendicularly crosses the align- 
ment direction of the liquid crystal layer, and syn- 
thesized retardations of said birefringent film and 
the liquid crystal layer coincide with each other 
within 10 nm at 0.5 n?„ of a main wavelength region 
of incident light when (n) is set to an integer, X is set 
to the wavelength of light, and an arbitrary voltage 
V B is applied to the liquid crystal layer. 

6. The projector according to claim 1, wherein the 
birefringence An of the thickness (d) of said optical 
rotator and the wavelength X is set so as to satisfy 
4d • AnA = V(4m - 1 where m is an integer at a 
main wavelength X of incident light 

7. A liquid crystal projector comprising an optica! sys- 
tem and a light source, 

said optical system including a liquid crystal 
display device (25-27), a driving means for driving 
the liquid crystal display device, a polarization 
means (21-23) formed between said liquid crystal 
display device and said light source, and an optical 
rotator (31-33) formed between said polarization 
means and said liquid crystal display device, 

wherein said liquid crystal display device is 
an electrically controlled birefringence liquid crystal 
display device having a pair of substrates (41, 49) 
and a liquid crystal layer (44) held by the pair of 
substrates, and 

the substrate (49) of said pair of substrates 
which is adjacent to said polarization means has a 
plurality of scanning lines, a plurality of signal lines 
formed so as to cross said plurality of scanning 
lines, active devices (48) formed at the crossing 
points, a plurality of pixel electrodes connected to 
the active devices, and an aligned film which is 
formed on the face in contact with said liquid crystal 
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layer and is aligned at an angle from 75° to less 
than -105° -to the extending<Ji recti on of said- plurality— 
of signal lines. 

The projector according to claim 1, wherein one 5 
pair of sides of said liquid crystal display device is 
parallel to the electric vector of linearly polarized 
light made by the polarization mean and said opti- 
cal rotator changes the linearly polarized light made 
by the polarization mean by 45° to the alignment 10 
direction of the liquid crystal display devices. 

The projector according to claim 8, wherein the 
other pair of sides of said liquid crystal display 
device is rectangular to the electric vector of linearly 15 
polarized light. 
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(54) Liquid crystal projector 

(57) A liquid crystal projector having a high contrast 
ratio is disclosed. The projector comprises an optical 
system including a liquid crystal display device (25-27), 
a drive device for driving the liquid crystal display device 
and a polarization means (21-23), and a light source. 
The liquid crystal display devices (25,26,27) have active 
devices (48) connected to reflective electrodes. Driving 
voltages applied to pixels have different polarities every 
row. The liquid crystal (53) layer is aligned at an angle 
from 75° to 105° to the direction of an electric field 
between electrodes (51). Optical rotators (31,32.33) are 
provided between the liquid crystal display devices and 
the polarization means (21,22,23), respectively. 
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